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-Chiral  vinyl  monomers  containing  the  oxazoline  units,  2-vinyl-4-methoxy- 
methyl-  and  4-hydroxymethyl-5-phenyloxazol1ne  as  well  as  a  chiral  oxazoline 
monomer  bearing  an  acrylate  polymerizable  group  were  synthesized.  In  addition, 
an  acrylamide  monomer  containing  a  chiral  1,3-dloxane  unit  as  well  as  both 
racemic  and  (R)-<*-methylene-7-methyl-Y-butyrol actone  were  synthesized. 

The  vinyl oxazoline,  2-v1nyl-4-methoxymethyl- 5-phenyl oxazoline  was 
copolymerized  with  styrene  and  dl vinyl  benzene  by  suspension  techniques  to  give 
polymer  beads  in  diameter.  The  oxazoline  monomer  containing  the 
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20.  (continued) 

^-J>polymerizabTe  acrylate  group  and  the  acrylamide  monomer  containing  the 
dloxolane  unit  also  were  copolymerized  with  styrene  and  di vinyl  benzene 
to  give  crossl inked  polymer  beads,  ~50m  in  diameter.  Racemic  and  chiral 
a-methylene-^-methyl-7-butyrolactone  were  homopolymerized  by  radical, 
anionic,  and  group  transfer  methods.  Chiral  lactone  gave  isotactic 
polymer,  regardless  of  the  method  of  polymerization. 

The  styrene-bead  copolymers  were  packed  in  HPLC  columns,  but  none 
were  especially  effective  in  separating  enantiomers  in  a  racemic  mixture 
The  chiral  butyrolactone  polymer  was  coated  on  silica,  but  this  material 
did  not  effect  resolution  of  racemic  mixtures  in  an  HPLC  column.  ~  .  , 
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INTRODUCTION 


The  current  trend  in  synthetic^  and  analytical  chemistry  toward  solid-phase 
separation  and/or  syntheses  has  added  new  methodology  to  modern  chemical 
research.  Increased  efficiency  in  separations  and  synthesis  are  the  most 

O 

important  aspects  of  solid-phase  methodology?  The  purpose  of  this  research  was 
to  prepare  chiral  polymers  by  the  homo-  and  copolymerization  of  chiral  monomers. 
These  chiral  materials  were  to  be  utilized  as  supports  for  liquid  chromato¬ 
graphic  columns  in  an  effort  to  separate  various  racemic  mixtures,  particularly 
enantiomeric  phosphines  and  other  related  chiral  molecules  such  as  phosphinates. 

RESULTS  AND  DISCUSSION 

MONOMER  SYNTHESIS 
Chiral-2-Vinyl  Oxazolines. 

The  successful  asymmetric  synthesis  that  had  been  effected  utilizing  chiral 
oxazolines^  prompted  the  initial  efforts  to  synthesize  various  chiral  2-vinyl  - 
oxazoline  monomers  for  incorporation  into  copolymers.  The  synthesis  of  a  series 
of  2-alkenyl  oxazolines  had  been  worked  out,4  and  this  synthetic  procedure  was 
improved  and  scaled  up,  such  that  fifty  gram  batches  of  2-vinyloxazoline  could 
be  prepared.  Conversion  of  2-methy loxazol  ine  (1)  to  the  phosphonate  (2) 
on  a  large  scale  was  accomplished  in  high  yield,  and  2-vinyloxazoline  was 
obtained  through  reaction  of  the  phosphonate  with  formaldehyde. 


In  an  effort  to  obtain  a  chiral  oxazoline-containing  monomer  that  had 
functionality  capable  of  hydrogen  bonding,  the  vinyloxazol  ine  containing  the 
primary  alcohol  function  (5)  was  synthesized,  by  the  same  procedure, 
starting  with  the  4-hydroxymethyl  analog  (4). 


4 
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Monomers  Containing  Chiral  Oxazoline  or  1,3-Dioxane  Groups. 

Two  other  chiral  monomers  containing  polymerizable  methacrylate  functions 
were  synthesized.  The  2 -methyl -5-phenyl -4-hydroxymethyl -oxazoline  starting 
material  (4)  was  converted  to  the  methacrylate  derivative  (6)  by 
reaction  with  methacryloylchloride.  Starting  with  the  commercially  available 
aminodiol  (7,  used  in  preparation  of  oxazolines)  the  chiral  1,3-dioxane 
monomer  (8)  bearing  a  methacrylamide  function  was  synthesized.  Because  this 
monomer  could  be  easily  hydrolyzed  to  1,3-diol  9,  the  incorporation  of 
monomer  8  into  a  copolymer  would  provide  a  chiral  polymer  containing  the 
diol  unit  via  a  similar  hydrolysis. 
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g-Methylene- > -methyl -7-butyrolactone 

The  synthesis  of  both  racemic  and  chiral  g-methylene-y-methyl-y-butyrolac- 
tone  (11)  was  carried  out  by  a  known  procedure®  starting  with  either  racemic 
or  (R  ) -propy lene  oxide  (10)®.  The  key  step  in  this  synthesis  is  the 
palladium  catalyzed  carbonylation  of  4-bromopent-4-en-2-o  1 .  Thus,  either 
racemic  or  chiral  monomer  could  be  obtained  pure  and  in  high  yield  by  this 
procedure. 


1 


1IBr2,CH2Cl2,-78*C 
2lNaOM«,  M>OH,  0*C 


CO,  8*83^4  Pd 

CH3CN ,  K 2003,70*0 


POLYMER  SUPPORTS 
Poly-2-Vinyloxazolines. 

Crosslinked  random  terpolymer  beads  (12)  containing  chiral  vinyloxa- 
zoline  3,  styrene  and  di vi nyl benzene  were  prepared  by  free  radical 
suspension  techniques.  The  size  of  the  beads  containing  20  mole  percent  di  vinyl 
benzene  could  be  controlled  so  that  relatively  uniform  spheres  of  20  up  to  50  n 
in  diameter  could  be  obtained.  In  samples  of  these  support  materials,  the 
incorporation  of  the  vinyloxazoline  at  20,  40,  and  60  mole  percent  levels  was 
achieved.  Both  the  elemental  analysis  and  a  quantitative  determination  by  13c 
nmr ,  agreed  reasonably  well  for  the  oxazoline  incorporation.  Generally  the  mole 
ratios  of  monomers  charged  were  those  incorporated  into  the  polymer.  Thus,  the 
reactivity  ratios  of  styrene  and  2-vinyloxazoline  appear  to  be  similar. 
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The  copolymerization  of  6  with  1,4-butanedimethacrylate  (cross-linking 
monomer)  in  a  suspension  system  followed  by  size  fractionation  gave  uniform 
beads  of  polymer  13,  55  /a  in  diameter.  The  hydrolyzed  monomer  (9) 
containing  two  alcohol  functions  could  not  be  polymerized  in  a  suspension  system 
due  to  its  water  solubility.  The  suspension  polymerization  of  the  1,3-dioxane- 
bearing  acrylamide  monomer  (8),  however,  with  1,2-ethanedimethacrylate  gave 
beads  of  polymer  14  ,  50  -  70  ^  in  diameter.  Polymer  14  could  be 
completely  hydrolyzed  under  mild  conditions  to  polymer  15  containing  the 
1,3-diol  functionality. 


Po ly (q-methy lene-7-methy 1 ->-butyro 1 actone ) . 

The  polymerization  of  both  racemic  and  (R)-a-methylene-y-methy  1 -y-butyro- 
lactone  (11)  was  carried  out  by  radical  initiation  (benzoyl  peroxide)  in 
benzene,  by  an  anionic  catalyst  (butyl  1  i  thi  um)  in  tetrahydrof  uran  ,  or  toluene 
and  by  group  transfer?  [ 1 -me t hoxy-1 - tr i me  thy  1 s i 1 oxy-2 -methyl-l-propene 
initiator,  tris(dimethylamino)sulfonium  biflouride  catalyst  in  tetrahydrof uron 
(Table  1)].  Polymerization  in  bulk  with  a  benzoyl  peroxide  initiator  or  by  uv 
irradiation  gave  a  clear  hard  glass  which  contained  —20%  of  unreacted  monomer. 
Higher  conversions  in  bulk  generally  could  not  be  achieved.  The  radical  and 
anionic  polymerizations  in  solution  proceeded  as  expected,  with  no  ring  opening 
occurring  in  the  anionic  polymerization.  Group  transfer  polymerization  of  both 
racemic  and  optically  active  monomers  took  place  readily  at  -78  °C  when 
bifluoride  was  used  as  the  catalyst,  but  the  tetrabutylammoni um  flouride 
catalyst  did  not  provide  good  conversion  at  this  temperature. 

TABLE  1 

PROPERTIES  OF  POLYMER  16 
POLYMERIZATION 


MONOMER 

METHOD  OF 
POLYWRIZATION 

INITIATOR 

CONDITIONS 

TEW>ERATURE/TIME(h) 

CONVERSION(X) 

t 

lnI(solv.) 

Racemic  1 

radical® 

BPO* 

65/2 

47 

0.49(acetone) 

0.84(0NSO) 

anionic*1 

BuLI 

-28/2 

86 

0. 26(acetone ) 

GTPC 

W°M.C 

/v)S1Me3 

-78/24 

70 

0.22 (acetone) 

bl  fluoride 

R-l 

radical* 

BPO® 

65/2 

51 

1.06(DMS0) 

anionic*1 

BuLI 

-78/2 

92 

0.58(DHS0) 

BuL1d 

-78/44 

85 

0. 75(DMSO) 

GTPC 

M*C 

'0S1Me3 

-78/24 

78 

Insol . 

bl  fluoride 

‘Radical  polymerizations  were  carried  out  In  benzene  with  benzoylperoxlde  as  the  Initiator, 
111  :  IBPO]  •  300. 

bAn1on1c  polymerizations  were  carried  out  In  THF;  (1) :  EBuLI ]  *  65. 

cGroup  transfer  polymerizations  were  carried  out  with  1  mole  l  of  bifluoride  [trlsfdl- 
methylamlnojsulfonlum  bifluoride]  to  Initiator  fl-methow-l-tr1nethyls11oxy-2-methyl-2- 
propene). 

^Carried  out  In  toluene. 
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The  racemic  poly(  a  -methy lene-'y-methyl->-butyrolactones)  obtained  under 
different  reaction  conditions  had  nearly  identical  solubility  properties, 
dissolving  in  such  solvents  as  acetone,  acetonitrile,  chloroform,  dimethylsul- 
foxide,  dimethyl  formamide,  and  propylene  carbonate  at  ambient  temperature. 
Chiral  lactone  polymerized  under  radical  conditions  also  was  soluble  in  most  of 
these  solvents,  with  the  exception  of  acetonitrile  and  chloroform.  Polymers 
obtained  from  chiral  lactone  under  anionic  or  GTP  showed  poor  solubility  in 
common  organic  solvents.  The  polymers  obtained  by  anionic  methods  were  soluble 
in  dimethyl  sulfoxide,  dimethyl  formamide  and  propylene  carbonate,  though  only 
at  elevated  temperatures.  The  chiral  polymer  prepared  by  group  transfer  poly¬ 
merization  was  the  least  soluble  and  would  dissolve  completely  only  in  hot  (230 
°C)  propylene  carbonate.  None  of  these  polymers  showed  any  crystallinity  by 
x-ray.  Regardless  of  the  method  of  polymerization  and  the  stereoregulari ty,  the 
glass  transition  temperatures  of  these  polymers  were  all  approximately  the  same, 
~215  °C,  which  was  about  20  °C  higher  than  amorphous  poly(a-methylene-?-methyl - 
>-butyrolactone) .  Annealing  these  polymers  above  the  glass  transition 
temperature  failed  to  develop  any  crystal  Unity. 

Some  information  concerning  the  stereoregu  1  ar  i  ty  of  these  polymers  was 
obtained  through  the  NMR  spectra.  The  most  striking  feature  of  both  the  3H  and 
13C  spectra  was  that  the  polymer  obtained  from  racemic  monomer  gave  nearly 
identical  spectra,  regardless  of  the  method  of  polymerization.  Furthermore,  the 
spectra  of  the  polymers  obtained  from  chiral  monomer  were  nearly  identical, 
regardless  of  the  method  of  polymerization,  but  were  different  from  the  spectra 
of  the  polymers  obtained  from  racemic  monomer. 

Polymer  obtained  from  racemic  monomer  showed  a  poorly  resolved  overlapping 
region  at  62.11  with  a  detectable  upfield  shoulder  in  the  100  MHz  3H  WR 
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spectrum  at  160  °C  in  DMSO.  Polymer  obtained  from  chiral  monomer  showed  a  well 
resolved  doublet  at  51.87  and  52.09  with  downfield  and  upfield  shoulders  at 
52.24  and  1.70,  respectively.  This  is  in  contrast  to  the  WR  spectra 
reported  for  poly(  a  -methylene-7-butyrolactone  )  8  in  which  no  resolution  was 
achieved  (overlap  at  52)  for  the  backbone  and  ring  methylene,  both  of  which  are 
adjacent  to  the  quaternary  carbon.  This  lack  of  resolution  in  poly- 
a-me t hy 1 en e -7-bu tyro  1 ac tone  )  was  attributed  in  part  to  coupling  from  the 
methylene  (-CH2O-)  adjacent  to  the  ring  methylene.  In  the  polymers  obtained 
from  chiral  monomer,  some  resolution  apparently  results  from  the  stereoregular 
environment  and  coupling  of  the  ring  methylene  only  to  a  methine  proton. 

The  proton  decoupled  spectra  of  these  polymers  (50.0288  MHz,  100  °C, 
DMSO)  showed  resolved  peaks  both  in  the  carbonyl  region  5178  and  in  the 
quaternary  carbon  region,  545-47.  As  in  the  case  of  poly(  « -methylene-7-butyro  - 
lactone),  the  methylene  region  was  poorly  resolved,  and  was  overlapped  by  DMSO. 
Unlike  poly(  « -methylene-7-butyrolactone) ,  the  carbonyl  region  showed  resolved 
carbonyl  at  51  78.74  and  178.67  for  polymer  prepared  from  racemic  monomer,  and 
178.67  and  178.87  for  polymer  obtained  from  chiral  monomer. 

Polymers  obtained  from  racemic  monomer  showed  three  peaks  at  545.98,  46.32 
and  46.64  for  the  quaternary  carbon  (Figure  1).  In  the  spectrum  of  poly 
(a-methylene-7-butyrolactone) ,  peaks  at  545.  15,  45.  3  and  45.58  were  assigned 
tentatively  to  triad  sequences,  mm,  mr  and  rr,  respectively.®  This  assignment 
was  based  on  the  fact  that  poly(  « -methylene -7-butyro 1 actone  )  obtained  by 
anionic  po  1  ymer  i  z  a  t  i  on  with  phenylmagnesium  bromide,  which  is  known  to  yield 
highly  isotactic  poly(methyl  meth ac ry  1  ate  ) ®  showed  a  spectrum  rich  in  the 
upfield  peak  at  545.15,  which  was  assigned  to  the  mm  triad.  This  assignment, 
rr,  mr,  mm,  in  order  of  increasing  field  strength,  is  the  opposite  of  that  for 


FIGURE  1 


13C  SPECTRA,  QUATERNARY  CARBON,  OF  POLYMER  FROM 
RACEMIC  (TOP)  AND  CHIRAL  (BOTTOM)  MONOMERS 

the  quaternary  carbon  of  poly(methyl  methacrylate ). 10 

If  this  peak  assignment  for  the  triads  in  po  ly  (  a -me  t  h  y  1  e  n  e  -  7  - 
butyro lactone)  is  correct,  then  the  same  assignment  could  be  expected  for  poly- 
fa -methylene -y-methyl-7-butyro  lactone).  Samples  obtained  from  chiral  monomer, 
having  a  single  peak  at  545.95  in  the  l^C  spectrum  suggested  that  an  isotactic 
polymer  (mm  triads)  was  obtained.  Polymer  from  racemic  monomer  showed  a  predom¬ 
inance  of  mr  and  rr  triads  at  546.30  and  46.58,  respectively,  with  the  peak  at 
5  45.95  nearly  absent.  In  polymer  obtained  from  racemic  monomer,  the  intensity 
of  these  two  peaks  (  5  46.30  and  46.58)  was  nearly  equal,  with  that  for  the  mr 
triad  (  5  46.30)  being  slightly  more  intense. 

The  generation  of  isotactic  polymer  from  chiral  lactone,  even  in  radical 
propagation,  indicates  that  monomer  placement  is  dictated  by  the  chirality  of 
the  monomer.  When  models  are  examined  (Figure  2)  the  preference  for  an 


isotactic  polymer  from  chiral  monomer  becomes  apparent.  Approach  of  monomer  to 
the  growing  end  of  the  chain  containing  either  of  two  conformations  for  the 
penultimate  unit  with  respect  to  the  end  unit,  is  shown.  In  both  cases,  the 
least  steric  approach  is  that  which  generates  the  mm  triad.  In  the  case  of  the 
polymerization  of  racemic  monomer,  addition  of  monomer  of  the  same  chirality  as 
the  polymer  end  generates  the  m  dyad,  while  addition  of  monomer  of  the  opposite 
chirality  generates  an  r  dyad,  apparently  with  nearly  equal  facility  from  the 
racemic  monomer  pool. 


FIGURE  2 

APPROACH  OF  CHIRAL  MONOMER  TO  CHAIN  END 

HPLC  STUDIES 

Certain  of  the  polymer  beads  prepared  by  suspension  polymerization  were 
packed  into  analytical  HPLC  columns.  Copolymer  12  of  poor  uniformity 
(60-120  M)  was  packed  in  a  radial  compression  column,  and  several  racemic 
alcohols  (2-butanol,  2-octanol)  were  examined  with  regard  to  enantiomeric 
separation.  The  chiral  recognition  of  the  oxazoline  was  poor,  but  did  show  some 
peak  separation. 

Analytical  columns  packed  with  beads  prepred  from  polymers  13-15  did 
not  separate  racemic  samples  of  a-phenylethylamine,  a-phenylethanol,  a-phenyl- 
propanal  and  a-benzylpropanal . 
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Silica  gel  (Perisorb  A,  30  -  40  m  )  was  coated  0.2  b  thick  with  chiral  poly- 
(  a  -methylene->-methyl->-butyro1actone) ,  using  a  technique  similar  to  that 
described^!.  The  material  was  dry-packed  in  a  300mm  HPLC  tube.  This  polymeric 
material  was  considered  ideal,  since  it  was  not  soluble  in  the  common  organic 
solvents  used  for  HPLC  resolution,  but  was  soluble  only  in  hot  DMSO  and  hot 
propylene  carbonate. 

The  resolution  of  five  different  racemic  compounds  with  different  solvent 
systems  was  not  achieved. 
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